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Introduction
Snake venoms comprise several substances, including proteins, enzymes and peptides that can vary depending on the place, alimentation, age and gender of the animals. The Viperidae family represents an important group of snakes in public health.
They are responsible for most serious ophidian accidents reported in Brazil and other occidental countries. The Bothrops genus (family Viperidae) encloses some of the most remarkable species from the medical point of view, since it contributes 73.1% of the ophidian annual accidents which occur in Brazil [1] [2] [3] .
Morbidity related to snake envenomation not only depends on the quantity of snake venom inoculated, but also on the chemical composition of the venom which is species specific. The venom of Bothrops jararaca primarily causes shock, tissue necrosis, intravascular coagulation, local and systemic hemorrhage, and edema 3 . Snake venom is a modified form of saliva that consists of a complex mixture of proteins and toxic enzymes such as phospholipases A 2 , myotoxins, hemorrhagic/non hemorrhagic metalloproteinases, serine proteases, neurotoxins, and cytokines, among others 4 . These proteins account for 90 to 95% of the dry weight of snake venoms 5 .
Plant extracts have been used for the treatment of snakebites because they contain a wide variety of chemical compounds with pharmacological activities that exert inhibitory activity against the toxins present in snake venom [6] [7] [8] [9] . This plant has antifungal, antimicrobial, bronchodilatory, antiallergic, antihemorrhagic, and anti-inflammatory properties 10 . Phytochemical studies have shown that Mikania contains terpenes, essential oils 11 , di-and sesquiterpene lactones 12 , flavonoids, and stigmasterol 13 , alcohols, acids, esters, aldehydes, organic esters and steroids. Regarding the safety of the extracts, phytomedicines and isolated compounds, guaco species did not present significant toxic and genotoxic effects in humans 14 .
In a study of plants with antiophidic properties used in folk medicine, Ruppelt 15 also observed anti-inflammatory activity of M.
glomerata. The main chemical compound with medicinal activity, which has been reported to exert antiophidic activity 16 , is coumarin 17, 18 . 21 .
The objective of the present study was to evaluate the effects of a hydroalcoholic leaf extract of M. glomerata Spreng.
(Asteraceae) activity on inflammatory and haemorrhagic of B.
jararaca snake venom in Wistar rats.
Methods
The study was approved by the Ethics Committee for For the inhibition studies of the hemorrhagic halo the extract was solubilized in PBS and then used the soluble fraction.
Snake venom
The Bothrops jararaca snake venom was purchased from Bioactive proteins (Serpentário Bioagents Ltda., Batatais-SP, Brazil).
Experimental protocol
The M. glomerata hydroalcoholic extract (soluble fraction) was incubated with the snake venom at different
proportions ( One, two and three hours after intradermal administration of the venom and extract, three animals from each group were euthanized with an overdose of the anesthetic and the wound areas were collected from the different groups for photodocumentation. For this purpose, the animals were anesthetized as described above. Next, the skin was removed, photographed, and prepared for histopathological analysis. The macroscopic images were used to measure the size of the hemorrhagic halo with a pachymeter. The data were analyzed using the Posturograma 3.0 software (Fisiometer) and were compared by ANOVA (p<0.001) using the Origin 6.0 program. The results are reported as the mean and standard deviation of each group.
Histopathological analysis
The wound area was removed and fixed in 10% formalin in Millonig buffer, pH 7.4, for 24h at room temperature. Next, the specimens were washed in the same buffer and processed for embedding in Paraplast TM (Merck). Longitudinal sections (5µm)
were stained with hematoxylin-eosin for routine histology and by the Dominici method for the quantification of inflammatory cells.
The specimens were examined and photographed with a Leica DM 2000 photomicroscope. The following histopathological parameters were evaluated: acute inflammatory reaction in the dermis, edema, eosinophilic collagen fibers (denaturation and disarrangement), subcutaneous muscle necrosis, and number of inflammatory cells.
The morphological results are reported as the mean and standard deviation of each group and were compared by ANOVA and the Tukey's post-hoc test (p<0.05).
Determination of minimum hemorrhagic dose
The hemorrhagic activity of the venom was The minimum hemorrhagic dose determined in the present study was 160µg. However, a dose of 320µg was established for the inhibition assays to account for the dilution of the snake venom by the plant extract. Figure 1 shows the results of analysis of the histopathological effects of B. jararaca snake venom combined with the M. glomerata hydroalcoholic extract. Tissue samples of group G1 presented some inflammatory foci, mild edema, and areas of muscle necrosis at all time points studied. In addition, structural alterations in collagen fibers were observed after the third hour, which were due to the presence of eosinophilia seen during this period. The dermis of group G2 animals was characterized by the presence of significant inflammatory foci seen as early as in the first hour, which increased over time. Interstitial edema was observed at all time points studied. Alterations of collagen fibers were seen as early as in the first hour and intense eosinophilia was observed in deeper layers of the dermis. Extensive areas of deep muscle necrosis were noted at all time points and the number of hemorrhagic foci increased over time.
Results
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The findings of group G3 were similar to those seen in group G1. However, a greater inflammatory response was observed at all time points, but important hemorrhagic foci were absent.
In group G4, interstitial edema was seen as early as in the first hour and was accompanied by hemorrhagic foci that became more intense after the third hour of observation. Deep muscle necrosis was observed throughout the study period, but was more evident in the third hour. The intensity of eosinophilic collagen fibers in the dermis was similar to that seen in group G2, especially in the third hour of observation.
The results obtained for groups G5 and G6 were similar.
In these groups, the deep muscle necrosis and eosinophilic collagen fibers in the dermis were less intense than those observed in group G4. Tissue edema appeared more intense in these groups and the inflammatory infiltrate was more diffuse. In addition, hemorrhagic foci were more frequently found in the interstitium, but were less intense than those seen in group G2.
The largest number of inflammatory cells was observed in group G2, whereas the smallest number was seen in group G1 when compared to the other groups ( Figure 2 ). No significant difference in the number of inflammatory cells was observed between groups G1, G3, G4, G5 and G6 in the first hour, but these numbers were significantly lower than those seen in group G2. In the third hour, the number of inflammatory cells in groups G4, G5 and G6 was significantly higher when compared to groups G1 and G3 but lower when compared to group G2. The results obtained for groups G4, G5 and G6 were similar ( Figure 2) . 
